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SUMMARY

A preliminaryinvestigationof oone-typedlffuserademigned
for minimumspillageat the inletduringoperationwas oomluoted
in the NAOA Cleveland18- by 18-inchsupersonictunnelat a Mmh
numberof 1.85. This designdictatesthat the obliqueshookfall
at or withinthe inletand that the normalshookbe withinthe
diffuser at designoonditione.

The pressurerecoveriesof a seriesof stationaryooneswith
includedamglesof 20°,30°, 40°, 50°,and 60° were investigated.
The 30° stationary-mm configurationwith a throatlengthof
0.29inletdhneters gave a pressurereoovery of 0.859at an angle
of attackof 0° and 0.838at 5°. The 3* oone configurationinves-
tigatedwith variousthroatlengthsshowedan inoreasein pressure
recoveryfrom 0.859to 0.869as the throatlengthwas imreased to
0.46 inletdiameters.

An investigationof the p?essurereooveryof movable-oone
configurations,or vsriab~e-contraoticm-ratiodiffusers,as a
funotionof the oontraotionratiodisclosedthat the maximm total
contractionratiothat oouldbe attainedbeforechokingat the
throatoccurredwas 1.351as oompred with the theoreticalisen-
tropiovalueof 1.495. Amaximum ~essure reooveryof 0.891was
attainedat this contractionratio. Perforationsaddedat the
throatof the diffuserto awcmplish partialboundary-layerremoval
and aid tn normal-shockstabilizat~onallowedthe maximumtotal
oontractionh?atioto be inoreasedto 1.384and raisedthe pres-
surerecoveryto 0.933.

INTRODWTION

Operationof ram-Jetenginesat supersonic speedsreqtdres
that the diffuserefficientlyconvertthe kineticenergyof the
air streamto pressureenergy at the combustion
minimumof externaldrag. The diffusershould,

ohamherwith a
moreover,petiom
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as efficientlyas possibleat otherthendesignconditions.The
optimumdiffuserdesignthereforeincorporatesa mmprmise between
the factorsof drag and pressurerecoveryover a rangeof operation.
Anwnber d’ pressure-reooveryinvestigationsrepresentingvarious
mmpromisesbetweenthe tiorementionedfactorshavebeen mnducted
but withoutdragmeasurements.The diffuserrepresentingoptimum
petiormanoethereforeoannotas yet be chosen.

A contributingfaotorto the dreg d a ram jet,however,is
the additivedreg (referenoe1),whichresultsdireotlyfrom flaw
spillage at the inlet. Flow spillageis deftnedas the mass flow
in a free-streamtubehavinga diameterequal to the inletdiameter
minus the mass flow that entersthe diffuser. The additivedrag
may be odculated by Integrationof the momentumequationaboutthe
ram Jet.

The perfomame of convergent-divergentdiffuserswith all
decelerationInternalis discussedin references2 and 3. This
type of diffuseris designedwith the maximumtotalcontraction
ratio thatwill allowthe normalshockto enterthe diffuserso
that supersonicflow maybe establishedin the Inlet. By this
designoriterion,however,the velooityat the throatof the dif’-
fuseris considerablyabovesonicand a normalshocklocatedat
the throatstillresultsIn a largetotal-pressu’eloss. The
convergent-divergentdiffusercan operatethrougha rangeof flight
Maoh nwubersaboutthe designMaoh nwnberonce the flow patternhas
been established,and thereis no additivedrag in this rangeof
operationbeoausethereis no flow spillage. = for any reason
the baok pressureon the diffuser(thepressurein the combustion
ohamber)becomesgreaterthan the pressurethat the diffuseroan
attain,the nomal shookis forcedfrom the throatof the diffuser
to a posittonahead& the diffuserwith a lossin pressurereoovery,
a deorease in mass flow,and an inoreasein drag.

ProJeothg-oonediffuserswith all supersonicdeoeleratbn
externalm desoribedin referenoe1. This type of diffuser
operateswith the nozmalshockaheadof or at the diffuserinlet
and is thereforesub~eotto no startinglimitationsand no disoon-
tinuitiesIn flow ounfiguration.The highestpressurerecoveries
for thist~ of designooourwhen the air thathas been efficiently
deceleratednear the ome surfaoeenters the diffuserand the less-
compressedair fartherfrom the oone surfaceis spilledaroundthe
diffuser.

Diffusersthat oomblneInternaland externalomtraction are
reportedin references4 to 7. In general,the highestpressure
recoveriesare reportedfor the flow mnfigurationsthat indioate
mnsiderableflow spillage.

t

,
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A prelln investigationof crone-typediffusersdesigned
for minimnmspilIsgeat the inletduringoperationwas therefore
oonduotedin the HACA Cleveland18- by 18-inoh supersonicwind $un-
nel. The firstpart of this report oomerns the Investigationof
the pressurerecoveriesthatmay be ~oted fran stationary-oone
wnfigurationswhen an additivedrag (as Judgedfrcunthe efiernal
flow pattern)and an inletarea oorrespmdiq to a oonverg=t-
divergentdiffuser of the samemass flow are maintained. At des~
renditionsthe normalshookis thuswithinthe diffuserand the
obltqueshookgeneratedby the ~Jeoting oonemust fall at the
lip C& the inlet. Thesediffusersocabinetite?maland external
deceleration,the internalcontractionbe- limited by”the con-
ditionsthatpermitentrmce of the normalshook. Added effeots
of the desi~ stipulationsare facilitatingaccuratedetermination
of the mass rate of flow and minimizinginteractionof the internal
and exbernalaerodxcs d the diffuser.

The seoondpert of the report oovers an investigationd’ the
pressurerecoveriesthat can be obtainedwith a movable-cone,or
variable-contraction-ratio,diffuserwhioh,althoughit has inter-
nal contraotlon,is not subjectto startingImitations. The con-
tractionratioof the diffuseroan be reduoedto allowthe nozmal
shookto enterthe diffuserand then increasedto permitmaximm
decelerationof the flow beforethe transitionf’ramsupersontuflow
to SlibSOIliOf10W 0CGU3X . h thismannerhigh theoreticalpressure
recoveriesare attainablewithoutincreases in the externaldreg.

SXMBOIS

The followingsymbolsare used in this reportand - shown
In figures1 and 2(a):

A

D.

d

L

z

M

P

s

area

inletdiameter

_um diameter

throatlength

of cone

lengthof superso@c inlet

Moh nmber

total~essure

lengthof supportfairing
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angleof attaok

defleotianangled’ flow throughobldqueshookstandtngat
angle q

ratioof speoificheats

shookang~e

ooneangle

angleformedbetweenaxisof symmetryand line Joiningtip
of ooneand llp of inlet

Subscripts:

o

1

2

3

4

e

o

or

max

were
&t a

free stream

Immediatelybehindobliqueshook

mhdmrum-flow sxea,or diffuser throat

tmmed3atelybehindnomal shook

exit of simulatedcombustia oh=ber

entranoeof diffuserdefinedalongimaginarysurfaoe
pez~u~ to cones--e from lineof intersection
af obliqueshookand inlet

cone surfaoe

critioal

maxhwm

Cone-typediffusersdesignedfor minimumspillageat the inlet
investigatedin the Cleveland18-by 18-inohsuprsonic tunuel
Mach numberof 1.85. The tunnelwas calibratedby mewnzrlm

the obliqueshookgeneratedby a croneand the totalpressurebeh-~
a normalshook. The absolutevaluesof tunneltotalpressureand.
Machnumberdetemtned by thesemethodsare aoourateto about
2 percent. The precisionin measuringthe diffusertotal-pressure
recovery was 40.5percent.

.
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The experimentalinvestigationwas dividedinto two parts. The
tiffuserefirstinvestigatedhave stationaryoonesof varlouaoone
anglesand oontraotion‘ratios.Cylindricalinletswere usedwith
theseconfigurations.The followingtablegivesthe ocme,throat,
and inletcombinations(seefig. 2(a)):

Cone
angle

(a:g)

20
30
40
40
50
60
30
30

Throat
length

(L. )

0.64
.64

0
.20
.38
.90

1.00
2.00

Throat-
i.nlet
ratio
Lb

0.29
.29

0
.08
.17
.41
.46
.91

Shook-
poBl-
tion
Z-

(o/cp

1.00
1.00
1.15
1.00
1.00
Loo
1.15
1.15

Inlet
length

(J. )

2.36
2.36
2.36
2.36
2.36
2.36
2.92
3.92

Maxi-
mum

Lz-
eter

(:.)

0.946
1.028
1.13.3
1.113
LEO
1.080
1.028
1.028

support-
fairibg
length

(i:.)

0.662 ‘
1.286
1.814
1.814
1.885
1.355
1.286
1.286

The stationaryconeswere mountedon a oentralbodY sumortecl.in
the subsonic&ffuser by four biconvexstrutshavi& a-~hlckness
ratioof 13 peroent& the ohord (fig.2(a)).

The diffusersstudiedin the seccmdpart of the investigation
have a movable30° ome for mr@ng the omtraction ratio@ two
inletsthat couldbe mountedinterchangeablyon the subsoniodif-
fuser (fig.2(b)). The two inletsdifferedin internal geometry,
inlet 2 beingdesignedto give a mbre uniformand gradualsubsonic
diffusicmthan inlet1. The externalshapeof the diffuserswas
arbitrarilychosenfor ease in oonstruotkn. The largeangleof
the lip couldbe greatlyreduoedto give low dragsfor ~rmtioal
applications.

For furtherinvestigation,29 holeswere drilledp~cular
to the externalsurfaoeof inlet2 with a No. 38 drill (0.101-in.
diameter). The holeswere arramgedin two staggeredrings 1 and

1. tithesdownstreamof the inletentrence. A ring of 15 addit~onal

holeswas lateradddl1$ inchesdownstreamof the inletentrance..

The oonewas modntedon a nteohanimnthatgave It an aXialmove-
ment & approximately0.85 inoh. The totalcontractim ratiosfor
the configurationof inlets1 and 2 oouldthusbb variedfrom

E“
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1.060 to 1.500ana
were determinedas
tip projectionwas

NAOARM No.

1.131to 1.800,respectively. Contraction
a funotionof tip projectionof the mne.

.

E7K1.9

ratios
The

measuredwith a cathetometer.Repeatedtrials
establishedthe precisionof measuringtip projectionas +0.01 inch,
givinga possibleerrorof &O.005in the determinationof the oon-
traotionratio.

The subsonlodiffuserusedfor the movable-coneconfigurations
is shownin figure2(b). A centralbody containingthe cone-return
mechanismwas mountedon four streamlinedstruts(havinga thickness
ratio& 9.5 percent)in the diverghg part cd’the dlf’fuserend
extendedforwardto the rearfairingof the oone. When the movable-
coneUffusers were investigated,the conewas retraoteduntilthe
contractionratiowas suchthat the normalshookenteredthe ddf-
fuser (reference2). In oRLerto determine the maxbuumtotalcon-
tractionratio ~/~ for a configuration,the oonewas thenmoved
forwarduntil the flow choked. The maximumpressurereooverywas
thenobtainedwhen the normalshookwas positionednear the throat
of the diffuserby controllingthe outletarea.

All diffusercombinationsweremountedon a simulatedcombus-
tion chamberhavinga variableoutletarea controlledby means cd’
a conicaldsmper(fig.2(c)). The ~essure reooveryat the simu-
latedcombustionchamberwas measuredwith a pitot-staticrake.
E&essuresweremeasuredon a multiple-tubemercury-manometerboard
and photographicallyreoorded. The air flow aboutthe inletwas
visuallyobservedwith a two-mirrorschlierensystemto establish
whetherspillageoccurred.

The totalpressureal?the free streamat the diffuserinlets
was calculatedfrom the totalpressuremeasuredin the tunnel
settlingohamberfor eaohrun and the ratiod’ free-streamtotal
pressureto settling-ohamberpressureas detezminetlfrom petious
tutmelcalibrations. Ambient conditions d total temperature and
dew point were essentiallyconstant.

DISCTJSSIONAND RESUUrS

The total-~essurerecovery P4@o of the stationary-oone
ddffusersis presentedas a funotionof the followingvariables:
ooneangle 8, outlet-inletarearatio A4/~, angleof attack a,
and throatlength L, expressedin Inletdiameters Lb. The total
contractionratio ~/A2 and the internalcontractionratio ~/A2
were predeterminedby the design. The total-pressureremoveryof
the movable-coneoonfigurationwasconsidereda functionof the

.

b

b
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totalmntractionratio J$#A2, the outlet-inletair ratio ~~~,
d the angleof attack a. The effect& stabilizingthe normal
shockat the throatof the diffuserby means of petioraticns,as -
suggested in reference8, is also discussed.

PressureRecoverywith StationaryCones

The optimm conditionof each configurationwas desi~ed for
a free-streamMach numberof 1.85from the followingconsiderations:
.Thetip projectionwas chosehto allowaminimun flow spillageat
the designoperatingconditionsand a maxhum flow spillagefor ~
start= the diffuser. Theserequirements~e satisfiedwhen the
obliqueshockfalls at the lip of the inlet ((o/cp= 1). The maxt-
mum internalcontractionratiothatwould then allowthe normal
shockto enterwas calculatedby assumingthe Mach nwnberat
statione equalto the Mach numberat the cone stiace, stationc.
Althoughthis assumptiongives a conservativevaluefor the
diameterof the centralbody, it was expedientbecausethe entrance
of the nozmalshookwas essentialto the investigation.The values
of the internalcontractionratio ~/A2 and the corresponding
totalcontractionratio ~/A2 thus computedare slmwnin figure3
as a functionof the coneangle i3.For 8 >47° the contraction
ratiosare only a good approximation,as the detachedbow wave
formedahead.of the lip of the inletdecreasesthe sl~! of the
enteringstreamtube.

Variationwith coneang . - The theoretical.cmrveof the
mriationof marbaumtotal-p%ure recovery (P4/P0)- with

cone angle 6 shuwnin figure4 was calculatedat the design
conditionsby the approxhnatemethodoutlinedin reference6, that

Ml+%
is, assuming ~ =— 2 end neglectingsubsonicdiffuserlosses

as well as the effectsof the internalobliqueshockoriginatingat
the lip of the cylindricalinlet. For @p = 1 the nomal shock
was asswnedto occurat statione for the nozmalshockat the
entranceof the diffuseror at station2 for the nomal shock
withinthe diffuser. The Mach numberat station2 was determined
from the Mach numberat statione and the internalcontractionratio.
The total-pressurereooverywas determinedas the productof the
pressurerecoveriesacrossthe obliqueandnomal shocks.

The solidcurveof figure4 is the maximumtheoreticalpres-
surerecoverywith the normalshockat the throatof the diffuser
and the dashedwrve is the maximm theoreticalpressurerecovery
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with the normalshockat the entranceof the diffuser. The upper
mrve doesnot existfor 6J> 47° beoausethe normalshookcan no
longerenter the diffuser. At the lip of the inletthe flowmust
be ~llel to the interiorof the inlet,whiohfor this investiga-
tionis cyllndrioalwith its axisparallelto the free-streamdirec-
tion at zeroangleof attauk. The flow immediatelydownstreamd’
the obliqueshook, however,Is deflectedoutwardat an angle 5,
with a correspandlngreductionin the localMaoh number. H the
flow is then to followthe intertorof the inlet,it must be twned
a second time throughthe angle 5 but at the reducedMach number.
For an elementalarea,theseflow turningsare essentiallytwo-
dimensional,and a limitingturningangleexists,whioh if exceeded.
formsa detachedbow wave. This phenomenonocoursat the lip of
the inletfor e >47° at a free-streamMach numberof 1.85. The
solidmrve with a discontinuityat e = 47° thenrepresentsthe
maximumtheoreticalpressurerecoveriesfor this investigation.

The data pointscf maximumtotal-pressurereooveryare also
plottedagainstootianglein figure4. The theoreticaldisoon-
tinultyat 6’= 47° was experimentallyindicatedbetweenoone
anglesof 40° and 50° by the fact that the normalshookentered
the diffuserfor the 40° oonebut did not for the 50° cone.
OptimumOondithns were expoted from the 40° cone Oonfigurati-.
Hwever, the locationof the ncnmalshookbeoameunstableat total-
~ssure recoveriesof about0.81 so thathigherpressurerecoveries
were not obtainedwith the normalshockwithinthe diffuser.

A schlierenphotographof the 50° cone (fig.5(a))showsthe
appearanceof the shockat the inletfor outletconditionsthat
wouldallowentranceof the normalshookexceptfor the excessive
turninganglepreviouslydisoussed.What appearsto be a shock
normalto the free streamin figure5(a) is actuallythe three-
dimensionalprojectionof the bow shockaheadof the inlet lip.
The low pressurerecoveryis causedby reaccelerationof the flow
downstreamof the throatand a strong”shockin the subsonicpart
‘bfthe diffuser. The secondphotographof the 50° oone (fig.5(b))
s@ws the flow ootiigurationfor amaxinnm total-pressurerecovery
of 0.879. The normalshookis aheadof the inlet and this config-
urationis subjectto additivedregs.

‘The 40° Gonephotograph(fig.5(c))showsthe conditionwhere
the nomal shockis”withlnthe Uffuser and no bow shockhas fcumed
at the lip of the diffuser. (The shookdisturbancesalongthe inlet
sre oausedby the instrwmntationshownin otherphotographsof
fig. 5but rotatedthrough450 in this picture.)

r

●

*

.
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With the 30° cone (LP = 0.46), the shockconfigurationwas
● similarto that shownin figure5(d),and a maximumtotal-pressure

recoveryof 0.869 (fig.4) was attained. The normalshockwas
withinthe ddffuserand the obliqueshockwas at the lip of the
inlet;this configurationis thereforeconsideredoptimumfor the
investigation.

The limitingconeanglethat causesa bow wave to form at the
lip of the inletis shownin figure6 as a functionof the design
Mach number. ~ general,the coneamgleto give optimumconditions
as definedfor this investigationis lessthaa the limitingcone
anglebut is not clearlydeterminedbecausecurvesshowingthe
variationof ~mum pessuxe recoverywith coneangleare flat at
the optimumconditions,as maybe seenfrom fiwe 4* (Seealso
reference6.) For this reason,a rangeof cone ales less than
the limitingconeanglewill fieldpressurerecoveriescloseto
the opt- pressurerecoveryfor this type of configuration.

The total-pressurerecovery representingoptimumconditions
for the conesinvestigated-was0.869 (8 = 30°, Lo = 0.46).
For comparisonwith othertyyesof diffuserinvestigatedat the
ssmeMach IWIIber, the total-pressurerecoveryof the convergent-
divergentd3ffuseras givenin reference3 was 0.838. The total-
pressurerecoveryof a single-shockprojecting-conediffuserwhen
all supersoniccompressionis externalis given in reference6 as
0.922.

Variationwith outlet-inlet=ea ratio.- The theoretical
curvesof figure7 were developedin reference3 by assumingno
mass spillageat the inlet,adiabaticflow throughthe diffuser,
and ned.igibleboundary-layereffectsat the e~t area. The
generaie~uaticm
inletarearatio

relatingthe pressuxerecoveryand the outlet-
undertheseasswnptionsmaybe writtenas

2(7-1)

P4A4 MO

()

l+~M42
—=~ ~++%z
PO Ao

In general,the flow at the exitat the test apparatusis choked
nwnber Mo of 1.85so that M4 = 1; then at a free-streamMach

and a rati; of specificheats y of 1.40,the equationreducesto

P4 A4

PO AO
= 0.669
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whichgivesthe relationbetweenoutlet-inletarearatioand pres-
surereooveryup to the madmum pressurerecovery. The maximum
pressurereooveryfor this equationis the valuedeterminedin the
sectionentitled“Variationwith ooneeaglet’if subsonic-diffuser
lossesare negleoted.

In general,the theoryand the e~rimental resultscorrespond
in the mamnerindioatedby previousinvestigations(references6
and 7). TMe eqerimental-datapointsfall to the right of the
theoreticalourvesbeoauseof the restrictionof the exit areaby
boundarylayeron the exit ooneand the interiorof the diffuser.
The discrepanciesbetweenthe peak eqerimentalrecoveriesand the
theoreticallypreddotedvaluesmaybe attributedto subsonio-
diffuserlossesand the instabilityaf the normalshockin the
vicinityof the throatof the diffuser. Disoontinuitieswere
expeoted.in the pressurereocmeryfor thoseootiigurationswith
6<47° as the normalshookmovedfrom a positionnead the throat
of the d~user to the entranoecf the diffuser. (Seefig. 4.)
Huwever,beoause of the instabilityof the normalshooknear the
throatof the diiWuser,thesediscontinuitieswere not observedfor
the 30° and40° cones,as maybe seenfrom figures7(a) and 7(b).

Variationtith ar@e of attack.- For the stationary-conecon-
figuration,figure7(a) indicatesthe effectof angleof attaokon
the 30° oone (Lb = 0.29) by showingthe variationof pressure
reooverywith outlet-inletarearatiofor anglesof attackof 0°
and 50: The maximumtotal-p?essurerecoverydroppedfrom 0.859at
an angleof attaokof 0° to 0.838at 5°. Figures5(d)and 5(e)
are sohlierenphotographsd theflow configuration.Comparison
aE’thesefiguresshowsthat the obliqueshockfor the diffuserat
an a@e d’ attaokof 5° moved only slightlyfrom its positionwith
the diffuserat 0° and thatthe normalshookis stillwithinthe
diffuser. From shooktheory,the deflectionthroughan obliqhe
shookis dependentonly on the free-streamMaoh numberand the
shookanglewith respectto the free streau. Beoausethe shock
a@e did not ohangeappreciablywith the angleof attackd’ the
oone,the flow deflectionthroughthe shockgeneratedby the cone
is relativelyindependentof smallanglesof attack. With oone
anglescloseto the limitingooneangle,the increasedturning
angleat the lip of the inletwith the diffuserat smallangles
of attackmay be expeotedto form a bow wave aheadof the inlet.

Reference3 reyrts & decreasein the total-pressurerecovery
of a convergent-divergentdiffuser from 0.838at an angleof attaok
of 0° to 0.764at 5°. Reference6 reportsa correspondingdecrease
in total-pressurerecoveryfrom 0.922to 0.908for a single-shock
projecting-conediffuser.

.

c9Emm
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!i
Variationwith throatIemth. - In

convergent-divergentMffusers reported.
sure recoverywas foundto be dependent

thetivestigationof
in reference3, a high pres-
essentiallyon the throat

length;and a throatlength,e~essed in inletdiaueters,of
Lb = 1.2 (L= 2 in.) was foundto give optimumreoovery. The
data presenfedin figwre8 for,thetype d diffuserinvestigated
hereinindicatedthat imreashg the throatlengthfrom L@ = 0.29
%oL~ = 0.46 raisedthe pressurereooveryfrom 0.859to 0.869.

PressureRecoveryof Movable-

ConeConfigurations

Vsriatiozwwithcontractionratio~- The theoreticalcurveof
maximumtotal-pressurerecovery ‘p4/pO)m~ plottedegainsttotal

contractionratio ~/A4 for the nomal shockcontainedby the dif-
M1 + Mc

fuser (fig.9) was obtainedby assumingthat & =~

a~l@ng a one-dimensionalreductionin kch numberbetween &
and A2. The maSmum theoreticaltotal-pressurereooveryfor a
given contractionratiois againthe productof the pressure
recoveryacrossthe oonicalshockand the pressurerecoveryacross
a normalshockocourringat station2 for the koh numberat that
station. The total-pressureratioacrossan obliqueshockgenerated
by a 30° coneat a free-streamMach nunberof 1.85is %fio = 0.999.
The total-pressureloss aorossthe reflectionof the obliqueshock
from the interiorof-theInlethas been neglected. The optimum
theoreticalpressurereooveryoccurswhen thereis no total-~essure
lossat the throatof the diffusercorrespondingto the transition
from supersonicto subsonicflow,and for this oonditionthe total-
pressurerecoveryof the diffuser,neglectingsubsonic-diffuser
losses,is 0.999. This opttiumoonditionoccurswhen the total
contractionratiois suchthat a Mach numberof unityexistsat
the throat. This ratiois also the theoreticalmaximm oontrac-
tionratiothat can existbeforea normalshockis foroedahead
of the diffuser.

)?orinlet1, the maximw total-pressurerecoveryis presented
as a functionof the totalcontractionratio (fig.9(a)). The maxi-
mum totalcontractionratioattainable,sftersupersonicflowwas
establishedthroughthe throatcd’the inlet,beforeohokingat the
throatocourredwas 1.356as comparedwith the theoreticalisentropic
valueof 1.495. Figure9(a) showsthat this contractionratioalso
gave the highesttotal-pressurerecoveryd 0.874for inlet1.
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The
aotually

maximumtheoreticalcontractionratiois greaterthan that
attained. This disoremanc~oan be attributedin nart to

the bui~d-upd’ the boundaryla-~r& the surfaoeof the c&6-and
the inlet,whichproducesa virtualbut unstablethroatsmaller
than the geometricthroatarea calculate.

I?orinlet2 (unperforated),the maximumcontractionratio with
the normalshockcontainedby the diffuser~s 1.351,the sameas
that ti”inlet1 withinthe limitsc& precisionof the measurements.
(SeeAPPARATUSAND PROOEDtlREsection.) The pressurerecovery,
howeve~,increaseato 0.891 (fig.9(b)). InletZ gave co~istently
higherrecoveriesthan inlet1 for contractionratiosgreater
than 1.230. The improved‘performanceof inlet2 is attribute in
part to the ohangein geometryto give a more udform and gradual
subsonicdiffUSiOn. (Seefig. 2(b).)

In orderto stabilizethe normalshockin the throatof the
inletand relievethe boundarylayer,the throatof inlet2 was
perforated(reference8). The totalcontraction ratiocouldbe
increased. to 1.371,bymakhg the area of the perforations 17 per-
centof the area of the throat(basedon the maximumunperforated
A(J4 = 1.351)● The maximumtotal-~essurerecoverywas improved
to 0.925. A furtherincrease in the area of the perforationsto
25.8percent& the throatarea (alsobasedon ~/~ = 1.351)
increasedthe totalcontractionratioto 1.384and raisedthe total-
preiwurereocveryto”0.933. The net improvementin maximumtotal-
pressurerecoverydue to the petioratimswas 4.7 percentwhile
the contractionratiowas inoreased2.4 peroent. This increase
in the totalcontractionratioindicatesa partialremovalof the
boundarylayer. The improvementof the maximumpressurerecovery
for contractionratiosgreaterthan 1.320 (fig.9(b))indicates
thatbetterstabilizationof the nozznalshockin the diffuserwas
aohieved.

Variationwith outlet-inletarearatio.- The variationof
total-pressurerecovery P4/Po with outlet-inletarearatio ~/~
is shownin figure10 for two possibleshockconfigurations.With
the normalshockinsidethe diffuser the theoreticalourveis
givenby the equation (P4/Po)(A4/~\= 0.669 and is shownin
figure10 as a solidline. The dashedcurvecorrespondsto the
conditionwhen subsonicflow is enteringthe inletand flow spillage
exists. This curvewas aerivedfrom one-dimensionalrelatims with
the assumptionthatthe flow firstundergoesa total-pressureloss
througha nozmalshockat the free-streamMach number. The equation
for the curveis

co-
.
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PA Ad
—=
Po h

where (Ao/A2)m is

--h+1

()1++ 2 7-1

%
l+~~z

the maximumocmtraotionratioat whioh the

13

diffuserwill s%% withoutohokingat the throat(reference2).
The factor (Ao/A2)cr(A2/Ao)is the ratioaf the mass flow passing
throughthe diffuserwhen spillageoooursat the inletto the mass
flow throughthe diffuserwithoutspillageat the inlet.

For the conditionsshownin figure10(a),the normalshockthat
must be oontainedby the d3ffuserfor optimumreooverycannotreenter
the diffuseronce it has been foroedoutside the diffuser. The
resultis a loweringof the pressurereooveryas well as a lossof
mass flow throughthe diffuser. I%om the theoreticalequation,it
is ap~ent thatthe amountof flow splllsgeis a functionof the
totalcontractionratiofor a given~ch number. l?i~S 10(b)
and 1O(C)show that the actualoperationof the &user follows
the theoreticaltrendsend that the maximnmtotaloontraotionratio
at which the normalshockoouldreenterwas 1.180, which corresponds
to the theoreticalvalueof 1.181 (reference2). Sohlierenphoto-
graphsof inlet2 for supersonicflow into the inletand no spil-
lage,and for subsmioflowi.nto the inletwith spillage,are shown
in figuresn(a) andll(b). The visibleflow patternswere the
ssmefor inlet1; photographsof inlet2 were ohosenfor presenta-
tionbeoauseof the quality& the pictures.

Variationwith angleof attaok.- At an angleof attackof 5°
with the normalshocknear the throatof the diffuser,a vibration
of the coneof approximatelyl/4-inchamplitudewas observed,whioh
did not occurat an mgle of attaokof @. As a result,reliable
pressure-recoverydata couldnot be obtained. With the normal
shockpositionedwell downstreamof the throat,therewas no
vibrationof the oone and the maximumtotaloontracthn ratio
that couldbe attainedbeforechokingoccurredat the throat
W8S 1.244. The schlierenphotograhs d inlet1 at an angleof

7attackof 5° shownin figures11(c and n(d) Illustratethe
aswetrical fluw patternwith supersonicad subsonioflow Into
the inlet.
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suNMARYaFmsuurs

An investigationof cone-typediffusers designedfor minimum
spillageat the inletat a Maoh numberaf 1.85’gavethe following
results:

1. The 30° stationary-ooneconf~gurationwith a throatlength
of 0.29inletdiametergave a total-pressurerecoveryaf 0.859at
an angleof attaokof Oo and 0.838at 5°. At an angleof 0° increasing
the throatlengthto 0.46 inletdiametersimprovedthe pressure
recoveryto 0.869.

2. The movable-conediffuserhavinga 30° oonegave a maximum
total-pressurereoovery& 0.891at a maximumtotalcontractionratio
of 1.351,the theoreticalisentropiocontractionratiobeing 1.495.
With perforationsat the throatof the diffuserthat-accomplished
a tiial boundsm-lmer removaland stabilizedthe normal shock. ‘
a ~essure reoove~ ~ 0.933 was obtained.at a total
ratio& 1.384.
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Cone angle, 0, deg

Figure 3. - Variation of internal and total contraction ratios with

stationary-cone angle calculated for obiique shock at lip of inlet

and normal shock entering diffuser at Mach number of 1.85.

T
o Nornal shook at diffuserthroat

(experimental)
❑ Normal shook ahead of diffuserinlet

(experimental)
— Normal shock at diffu6er throat

(theoretical)
--- Normal shock ahead of diffuser inlet
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Figure 4. - Variation of maximum total-pressure recovery with stationary-

cone angle for two possible shock configurations at Mach number of

1.85.
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(a) 50° cone; a, OOj ( b) 50° cone; a, OO;

p4/Po, O. 879; A4/~,P4/Po, 0.407; A4/~,

1.880. 0.755.

‘(c) 40° con e; a, OOj

P4/P@ o. 405;

I .900.

.
—1

(d ) 30° cone; a, OO;
P4/Po, O. 859; A4/~,

0.870.

(e) 30° cone; a, 5°;
P4/Po, 0.838; A4/~,

0.890.

Figure 5. - Typical flow patterns for stationary-

Mach number of 1.85.
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0 A Normal shock within diffuser
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Figure 7. - Relation between total-pressure recovery and outlet-inlet

area ratio for two stationary cones at Mach number of 1.85, @/q of
1, and L/D of 0.29
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Figure 7. - Concluded. Relation between total-pressure recovery and

outlet-inlet area ratio for two stationary cones at Mach number of

I .85, w/qI of 1, and L/Dof 0.29.
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Figure 8. - Variation of maximum total-pressure recovery with throat
length for 30° stationary cone at Mach number of 1.85.
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of 0° and Mach number of 1.85.
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o Normal shock at diffuser throat
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❑ Normal shock ahead of diffuser inlet
(experimental)
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Figure 10. - Relation between total-pressure recovery and outlet-inlet

area ratio for movable-cone configuration with inlet I at angle of J“
attack of 0° and Mach number of 1.85.
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Figure 10. - Continued. Relation between total~pressure recovery and
“\ outlet-inlet area ratio for movable-cone configuration wit? inlet I

at angle of attack of 0° and Mach number of 1.85.
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o Normal shook at diffuser throat
(experimental)
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(al Inlet 2 (perforated);
a, 00; P4/Po, 0.933;

A4/A0, 0.795; A#A2,

I . 384; normal shock at
di ffuser throat.

(c) Iniet 1; U, 5U;

P4/Po, 0.6 i3; A41~,

I .280; ~/A2, 1.243.

3i

(t)] Inlet 2 [perforated];

a, 00; P4/Po, O. 786;

A41A0, O. 795; Ac# A2,

i. 384; nonnai shock
ahead of diffuser ini et.

,

(d) inlet 1; a, 5°;

P4/Po, 0.785; A4~A0,

0.930; Py#A2, i.243.

-
c. 19996
11-14-47

Figure ii. - Typicai fiow patterns for movabie-cone configurations at

Mach number of i .85.


